A surgeon's objective when dealing with an injured abdomen should be to prevent preventable deaths by timely operations to stop bleeding and to prevent, or if necessary treat, infection. The most important single decision is whether or not a particular abdomen should be opened and, as the diagnosis of the nature, site and degree of injury does not have to be made until the belly is open, in making this crucial decision many surgeons have no more than simple radiological assistance. It is from this point of view that the subject is now discussed.
The history is of great importance and should be obtained with as much detail as possible from all available witnesses. Knowing what happened, what order of force was applied and what changes have taken place in the patient's condition may do a great deal to arouse the suspicion that prompts appropriate investigation. Examination is something that has to be repeated with care and the findings need to be interpreted with judgment. This clinical information is in many cases clear in its indication for or against exploration, but radiography is often used and may be of decisive value for the uncertain surgeon.
In the United Kingdom (Northern Ireland may be an exception) most abdominal injuries are closed; penetrating wounds by stabbing and gunshot have become more numerous in recent years but still are proportionately far fewer than in the United States.
Stab wounds
Many surgeons explore all stab wounds, but reports from the United States and South Africa have shown that in about 50% of 'routine' explorations, any internal damage is negligible (N ance et al. 1974 (N ance et al. , Lowe et al. 1977 . The result of a selective attitude towards exploration is that the number of operations, the occupation of beds and the incidence of complications are reduced (Tables I & 2) . What is perhaps most notable is that if the initial decision not to explore is reversed, there is little to suggest that the resulting delay in operation is harmful to the patient.
The decision to explore or not is based upon careful and repeated examination; mild, localized and subsiding signs and symptoms justify observation, whereas evidence of bleeding that cannot otherwise be explained and increasing signs in the belly require exploration. It has been suggested that the decision to explore, or not, may be based upon whether or not one can show that contrast medium injected into the wound (with precautions against leakage) enters the peritoneal cavity (Aragon & Eiseman 1976). The fact that it does so enter does not mean that visceral damage has occurred and the fact that it does not enter is no guarantee that the wounding article did not do so. The position in which the belly is opened is not that in which it was when it was stabbed and the alteration in posture alters the relative positions of the holes in the different layers of the belly's wall. If plain films show free gas within the peritoneal cavity this is more likely to have escaped from a hollow viscus than to have entered from without.
Missile wounds
All wounds caused by high-velocity bullets and fragments of bomb, mine or shell must be explored. Radiography is necessary to show the position of the missile and any associated bony damage, but. these patients are often in urgent need of resuscitation, which must take precedence over radiography. When this is used it should be carried out with as little disturbance of the patient as possible and only when he is fit for it. Wounds caused by low-velocity bullets may not need to be explored (Nance et al. 1974 , Lowe et al. 1977 (Tables 2 & 3) . The decision is based on the general condition of the patient, the local signs, and the track of the missile as judged from the wound of entry and either the wound of exit or the position of the missile.
It occasionally happens that there is a wound of entry, no wound of exit and no sign of the missile in the region of the abdomen; the explanation may be that it has entered a large blood vessel and been carried away in the blood stream. It should also be noted that some penetrating wounds that lead to the abdomen start in the chest, buttocks and even the thighs.
Closed injuries
The majority of injuries of the abdomen do not breach its walls. With many of them the decision to operate or not is easily taken on the evidence provided by a detailed history and careful and repeated physical examination, to which process radiography may add precision or certainty. In other cases, however, there are great difficulties because the patient is unconscious or uncommunicative for some other reason, or the signs and symptoms of other injuries obscure or confuse those that arise in the abdomen. On average, each person with an injured abdomen has one other injury and roughly 60% of these affect the head, chest or pelvis.
One of the most useful physical signs is punctate bruising on the abdomen wall where this has no immediate bony support. When present, this pattern of bruising suggests that impact has driven the skin hard against an unyielding surface such as the spine and has injured any intervening structures; it is usually a sign that exploration is needed.
Another useful test is to run a litre of saline solution into the peritoneal cavity and then let it run out again. The presence of more than faint staining by blood is an indication for exploration. Even after consideration of all the evidence made available in these ways the surgeon may be in doubt about the need to explore: in such circumstances it is better to look and see rather than to wait and see. Unnecessary laparotomy carries fewer risks than failure to carry out a necessary one.
Role of radiography in diagnosis of abdominal injury
Plain films of the abdomen can rightly be regarded as a necessary part of the examination of such cases and the surgeon should be able to recognize and interpret such signs as obliteration of the edges of the psoas major, the even grey background of blood, gas in the peritoneal cavity or extraperitoneal tissues, and be aware of the implications of posture on such signs; he should also be able to recognize distortion of natural or induced gas shadows by a mass. It is worth mentioning that when there is surgical emphysema as a result of injury of the chest the air may enter the peritoneal cavity, especially if positive and expiratory pressure is used.
The most frequently used method of contrast radiography is intravenous urography, for which the contrast medium may have to be given by continuous infusion rather than by a single injection. The most useful findings are absence of renal excretion or signs of escape of the material from the bladder or, very rarely, from the ureter. Escape of the medium from the kidney indicates the presence rather than the degree of damage; failure of excretion on one or both sides suggests absence of ischaemia of the kidney and is an indication for arteriography. Cystography is not a reliable way of demonstrating rupture of the bladder unless it is adequately distended and oblique views are taken.
There are those who use urethrography for the diagnosis of rupture, but if one subscribes to the views of Mitchell (1968) no such investigation is necessary. He advises that if rupture of the urethra is suspected, the patient be given a chance to empty his bladder; if he fails to do so when it has become full, rupture is presumed to be present and suprapubic drainage should then be used for 10days or so, after which it is usually possible, with the aid of a panendoscope, to find a way into the bladder and introduce a catheter under vision and from below. Mitchell believes that most posterior ruptures of the urethra are incomplete and that the early and blind passage of a catheter may complete the rupture and increase the risk of stricture.
Arteriography
For most purposes these simple investigations give the surgeon the guidance he needs, but he may be in much greater need of assistance when confronted by a patient with a fracture of the pelvis that is accompanied by relentless bleeding. Exploration is inevitably bloody and may be frustrating, so the fact that it has become possible not merely to identify radiologically the source of bleeding but to stop the bleeding (Margolies et al. 1972 ) is of great value to surgeons.
Angiography with bleeding with a fracture of the pelvis
Most often the vessel is the obturator or another branch of the internal iliac artery, but I have known fatal bleeding from a mesentery that had been torn by a fractured pelvis and from the femoral artery after its profunda branch had been avulsed by a SImilar injury. There is clearly advantage in being able to identify the bleeding vessel and even more advantage if the catheter can then be used to deliver the patient's clot or other thrombogenic material to the bleeding and so avoid an exploration.
Other uses of angiography: Much can be done to add precision to preoperative diagnosis but important questions to be answered are: 'Is such precision necessary?' and 'Is the patient fit for it?' Technical skill and enthusiasm are not sufficient justification for delaying an exploration that is clearly and perhaps urgently necessary, but angiography can be of great assistance in elucidating later difficulties by identifying the site and size of a lesion in the kidney, or of the source of haemobilia or, after a penetrating wound, perhaps the presence of an arteriovenous fistula.
There can be no doubt that an unlimited radiological service would at times be of the utmost value but that those times would be few and far between and would need to be carefully chosen.
Essentials of surgical technique
Having decided that a belly should be opened the surgeon must be able to call, if necessary, for large amounts of blood. His first task is to explore the belly thoroughly, for which purpose he needs an incision that he can make quickly, extend generously and close securely, and through which he can work in comfort and see whatever lesion may be found. Median incisions meet those requirements admirably and can be extended into the chest by splitting either the sternum or an intercostal space.
Early exploration enables one to deal with the lesion(s) before complications have set in and, apart from serious injuries of the liver, pancreas and duodenum, the necessary procedures are not usually technically difficult. Once delay has allowed complications to occur the difficulties can tax even the most highly skilled and experienced surgeon; hence the importance of using whatever diagnostic aids are available in order to reach as soon as possible a decision to explore. Radiologists have a fairly small but very useful part to play in this.
